Immunoglobulin G antibodies to Borrelia burgdorferi in game animals and small mammals in eastern Slovakia
M. Trávniček (1) , A. Š tefančíková (2) , D. Nadzamová (2) , M. Stanko (3) , L.Čisláková (4) , B. Pet'ko (2) , S. Mardzinová (1) & M. Bhide (1) (1) Department of Infectious Diseases, University of Veterinary Medicine, Komenského 73, 04001 Košice, Slovak Republic (2) Parasitological Institute of Slovak Academy of Science, Hlinkova 3, 04001 Košice, Slovak RepublicSlovak Republic, the highest prevalences of B. burgdorferi s.l. in I. ricinus varied between 4.8% and 49% (3, 20) . The isolation of B. burgdorferi from adult I. ricinus in the Czech Republic (7) , from the larval (5), nymph and adult stages of ticks (8, 19 ) and mosquitoes (6) , has been reported in southern Moravia. This paper presents the results of a serological survey of mouflons, fallow deer and small mammals from an area of eastern Slovakia.
Materials and methods
Samples of the blood sera of 59 fallow deer, 56 mouflons and 70 small mammals were examined for the presence of immunoglobulin G (IgG) antibodies to the spirochete B. burgdorferi. All the animals examined came from the same wooded area of 500 hectares (ha) in eastern Slovakia.
The sera from the fallow deer and mouflons were examined by indirect haemagglutination assay (IHA) with the Borrelia haemagglutination assay test. Rehydrated tanned sheep erythrocytes fixed in glutaraldehyde, bound with purified antigens from European/American B. burgdorferi strains, were used as test erythrocytes and non-sensitised sheep erythrocytes fixed in glutaraldehyde served as control erythrocytes. Titres of 1:40 and higher were taken as positive.
The sera of small mammals were examined by modified enzyme-linked immunosorbent assay (ELISA), which is available in commercial kits and used to diagnose Lb in humans (where it is known as Lyme disease). The method was as follows: microplates were filled with 100 µl antigen diluted in carbonate buffer at pH 9.6 (5 µg/ml) and incubated overnight at 4°C. After washing the wells three times with phosphate buffer (pH 7.2), 100 µl aliquots of sera were diluted at 1:200 in phosphate buffer with 0.05% tween. Tween and 1% bovine serum albumin were added to each well and incubated at 37°C for 30 minutes. After a triple washing, 100 µl of antimouse IgG peroxidase conjugate was added per well, diluted at 1:1,000. After 30 minutes of incubation and one subsequent washing, 100 µl of substrate solution (pH 5.0) with orthophenylene diamine was added per well. The reaction was stopped with 5% H 2 SO 4 after 15 minutes of incubation. Absorbance was measured at a wavelength of 492 nanometres. Mouse sera which had proved positive in repeated titrations were used as positive controls. Mouse sera which proved negative in repeated titrations, with an absorbance value of less than 0.4, served as negative controls. The cut-off point was determined as a value of three standard deviations above the mean optical density for negative serum samples. Sera with an absorbance value of higher than 0.5 were evaluated as positive.
In terms of the reproducibility of the ELISA, panel sera samples were repeatedly examined (10 times) with absorbance values in the ranges: > 1.2; 0.5-0.8; < 0.4.
Results
The sera of the 59 fallow deer showed a total seropositivity of 40.7%. Among these sera, 13 samples demonstrated positivity at a titre of 1:40, whereas 11 sera samples showed positivity at 1:80. The sera of the 56 mouflons demonstrated a total seropositivity of 17.8%. Among these samples, sera from 6 animals showed positivity at a titre of 1:40, while sera from 4 animals showed positivity at a titre of 1:80 (Table I) . Antibodies to Borrelia were detected in 13 of 70 small mammals which were examined in the study (18.6%) ( Table II) . The highest seroprevalence was found in yellownecked mice (Apodemus flavicollis): in 42.1% of the sampled animals; followed by bank voles (Clethrionomys glareolus): 14.3%; common voles (Microtus arvalis): 12.5%; and striped field mice (A. agrarius): 10.0%. All sera from the house mice (Mus musculus) and pygmy field mice (A. microps) which were tested were found to be negative.
The reproducibility of the ELISA was good: the co-efficient of absorbance variation in all the sera tested did not exceed 10%.
The mean intensity of infestation of I. ricinus and I. trianguliceps collected from small mammals was highest in the case of A. flavicollis (12.3), followed by the species C. glareolus (9.5), A. agrarius (3.0) and M. arvalis (1.0) (16) . No ticks were observed on A. microps and Mus musculus (Table III) .
Discussion
The tested fallow deer and mouflons came from one area (Rozhanovce) in eastern Slovakia, enclosed by fences, with a surface area of 500 ha. This biotope is characterised by woods with bushes, meadows and valleys with springs. This area is situated at 550 metres (m) to 650 m above sea level and the geographical orientation is south west. In this study, the seroprevalence in large mammals, that is, in fallow deer and mouflons, was found to be consistently higher than that in small mammals (Tables I and II) . This may be due to the fact that small mammals are the principal hosts for larvae, (2) . Thus, larvae are usually unable to infect small mammals. In contrast, large mammals are the main hosts for the nymphs and adults. These stages have a higher infection rate than that of larvae, which means that contacts between large mammals with infected ticks (nymphs and adults) are more frequent than contacts of small mammals with infected ticks (larvae).
According to Gern et al., the mouflon is not a competent reservoir host for B. burgdorferi (2) . In one study, conducted in the Czech Republic, seropositivity was detected in 37.5% of mouflons, whereas, in central Bohemia, seropositivity was detected in 76.5% of the tested animals (24) . In this study of eastern Slovakia, the authors detected seropositivity in 17.8%.
In this region, infection of I. ricinus by B. burgdorferi oscillates between 4.8% and 28.4% (20) . Small mammals are known to be reservoir hosts. According to Gern et al. The Apodemus sp. belongs to the group of rodents (mice) with a big home range, so these animals have more chance of coming into contact with I. ricinus. On the other hand, the Clethrionomys sp. belongs to the group of rodents (voles) which live mostly underground. These animals have a small home range, so there is less possibility of them coming into contact with ticks such as I. ricinus. In the group of small mammals under study (Table III) , the mean intensity of infestation detected in A. flavicollis was 12.3, which was a higher rate of infestation than that found in C. glareolus (9.5).
The seroprevalence in A. flavicollis was found to be much higher than that in other species of small mammals under study. The level of seroprevalence in Apodemus sp. is different from that found in Clethrionomys. This may be because there is a lower degree of tick infestation in Clethrionomys than in Apodemus sp., as observed in this study. It may also be the case that Clethrionomys has more resistance to ticks (9) .
There is a relative difference, in terms of reservoir competence, between the presence of antibodies against B. burgdorferi in game animals and their presence in small mammals. During its ontogenic development, i.e., during the progression from the larval stage to the adult stage, I. ricinus changes its hosts from competent reservoir hosts to non-competent reservoir hosts. Larvae, which feed principally on small mammals, become highly infected. Nymphs and adult ticks, which feed mostly on large mammals (i.e., in this particular study, on fallow deer and mouflons), lose their infectivity as they change from competent reservoir hosts (i.e., small mammals) to non-competent hosts (i.e., large mammals). This suggests a possible explanation for the dynamics and equilibrium of tick infectivity.
In analysing the ecology of B. burgdorferi in the particular biotope examined in this study, the authors suggest that the circulation of B. burgdorferi is possible because of the high density of competent reservoir hosts (small mammals) and, moreover, because of the high density of large animals which act as food resources for the ticks. Thus, the levels of seroprevalence detected in this study indicate that the animals under investigation have had contact with infected ticks.
This study demonstrates the significance of small mammals in the ecology of B. burgdorferi, not only because they are present but also because of the intensity of their infestation by I. ricinus. Moreover, the presence of large competent, as well as noncompetent, reservoir hosts is equally significant as these hosts feed the ticks during their various life stages. Los autores se refieren también a la tasa de infestación por la garrapata Ixodes ricinus que se observó en esos roedores, pues todos ellos son reservorios en potencia de dicho vector. El estudio se centra en la relación entre la posibilidad de infestación por I. ricinus y la capacidad de esas distintas especies para actuar de reservorio, así como la posibilidad de diseminación de la enfermedad. La tasa de seroprevalencia obtenida pone de manifiesto que todos los animales estudiados habían estado en contacto con garrapatas infectadas.
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